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HUMAN EPIDERMAL TRANSGLUTAMINASE 
U. Immunologic Properties 
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A monospecific antibody for human epidermal transglutaminase was prepared in rabbits. 
The antibody formed single immunoprecipitin lines with purified or crude human t rans-
glutaminases and quantitatively precipitated transglutaminase activity. There were no pre-
cipitin reactions between human factor Xlll (zymogen or active enzyme) and antihuman 
epidermal t ransglutaminase or between human epidermal transglutaminase and antihuman 
factor Xill. H eating epidermal transglutaminase (56°C, 15 min) in the presence of calcium 
increased the enzyme acti\'ity up t.o 10 times baseline levels. The heat-activated human 
epidermal transglutaminase was identical by immunodiffusion with the native enzyme, 
although slightly higher precipitation titers were detected following heating. There was no 
cross-reaction of antihuman epidermal t ransglutaminase with frog. ral, mouse. <· hicken. or 
human hai r follicle transglutaminases. 
Immunologic studies with purified human epi-
dermal t ransglutarninase were performed to 
answer se\'eral questions: ( ll was the enzyme 
preparation homogenous. (2} was the preparation 
free of plasma. platelet. o r tissue factor Xlll. !::l) 
what wAs the immunologic relationship between 
human epidermaJ and human hai r follicle trans-
glutaminase, (4) what was the degree of immuno-
logic relationship between the epidermal trans-
glut.aminases from animals of several species. and 
(5) was the acti,·ation of epidermal transglutami-
nases accompanied by a change in its immunologic 
properties? Recent studies have demonstrated 
that heating purified epidermal transglutaminase 
at 56°C for 15 min in the presence of calcium, or 
treating it with dimethylsulfoxide in the presence 
of calcium increased enzyme acti,·ity up to 10 
times baseline 1evels [1]. The molecular basis of 
this acti\'at ion is still under im·e ligation and the 
following tudies were performed lo determine 
whether the native and heat- calcium activated 
enzymes were different by immunologic criteria. 
MATERIALS A~D METHODS 
Purified A subunit of factor Xill (fibrin-stabil izing 
factor) was a gift of Dr. Pat McKee. It was acti,•a ted 
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according to the techniques of chwartz et a l 12 ] with 
human thrombin. Rabbit antihuman factor XIII (subunit 
A} Lot #242 1(' was purchased from Behringwerke A.G .. 
Behring Diagnostics ( omerville. N.J.!. Freund 's (com-
plete! adjuvant (Perrin"s modification) Lot 45:3113. Cat. 
No. :q42 9. was purchased from C'albiochem (La Jolla. 
Calif.). I mmunoplates were purchased from Hyland Co. 
(Costa Mesa. Cal if. l : salts and buffers were the highest 
grades cornmerically a\'ailable. 
Enzyme Preparat iOn and Assa.' 
Human epidermal transglutammase. Transglutamin· 
ase was purified from human callus us ing the methods 
described in our previous reports [1.3 ]. Briefly. the crude 
concentrated enzyme solution was chromatographed on 
DEAE-cel1ulose at pH 8.0 and the enzyme activity was 
eluted with 20 mM aCI. The tubes containing active 
enzyme were concent rated and gel filte red on a column 
of Sephadex G-75; the active enzyme was chromate· 
graphed on carboxymethyl-cellulose a t pH 6.0 and finally 
concentrated and gel filtered on Bio-gel Agarose A 0.5 m. 
The final preparation was ho mogenous by sodium 
dodecylsulfate electrophoresis and the s pecific activity 
was 533 times that of the original homogenate. The puri-
fied enzyme had a specific activity (S.A.l of 366 unit.s/mg 
(vide infra) at pH 9.5. 
Epidermal transglutaminase from other ammals. 
Frogs (Rana pipien.\) were pithed and their skins re -
moved bv blunt dissection. The skin was stretched 
tightly an-d the epidermis removed by scraping. , ewborn 
mice and wax-depilated rats were decapitated and their 
epidermis separa ted as above. Epidermis was also col-
lected from feather follicle-free leg epidermis of 16-day-
old chick embrvos. 
Human hair' bulbs an.d sheaths. Twenty-four hundred 
human hairs and thei r sheaths were collected from donor!' 
by pulling with forceps. 
Tissue preparation and enzyme assay. The tissues 
were washed 3 times at 4 oc with 20 volumes of 0.9~ NaCl 
to remove possible conl.8mination from blood. and were 
finely minced with scissors. They were homogeni2ed with 
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TABLE. Comparison of epidermal transglutaminase from variou.~ sources 
Cont·entrallltn lor 
Wet weif!hl T<Jtal unit> Spectlk ac·ttvlly (unll.,fmli protem I immunodillusum 
Newborn mice 
Chicken embryo 
Fro~ 
Rat 
Human hair follicle 
(gml 
0.1 1.96 
1.0 I .4:1 
f>.O 6.71 
5.0 7.21 
a 0.77 
(unll>lmll 
2.75 31.0 
0.16 5.1 
0.24 33.1 
0.19 16.0 
!.Of> 9.5 
a The starting material was 2400 human hair heaths and bulbs. 
Ftr.. I . Titration of anti8era against homologous anti-
gen. The center u•ell contained antiserum against puri-
fied human transglutaminase. Wells 1-5. contained sev-
eral dilutions of purified epidermal transglutaminase. 
Well I was filled with 17 units/ml of enzvme. erial 
dilutions of antiserum were made with 10 roM Tris- ace-
tate (pH 7.5). Wells 2-5 contained 18.5. 9.3. 4.6. and 2.3 
units/ mi. respectively. Photographed after diffusion for 
72 hr at 4°C. 
10 volumes of ice-cold 10 mM Tris-acetate, pH 7.5. in a 
Tekmar homogenizer. cent rifuged at 12.000 -... g for 30 
min at 4°C. The supernat ants were concentrated on 
PM -10 filters and assayed . Enzyme activity was assayed 
at pH 9.5 as previously described [3 ]. One unit represents 
the incorporat ion of l n mole of [ "C ]putrescine into 
casein a t :17°(' in 10 min. Protein was measured by the 
technique ol Lowry et al using bovine serum albumin as a 
standard 141-
Im munizatiOn and Precipttin Titer . ., 
Rabbit ant ibody. specific for pun fied human skin 
epidermal 1 ransglutaminase. wa>. prepared by injection of 
young male rabbits with anugen prepared in the follow-
ing manner. Purified enzyme (O.fl mgl was dissolved in 
0.5 ml of 5 mM Tris- acetate (pH 7.5) containing 2.5 mM 
CaCI, and activated by heatinf.( 15 min at 56°C. After the 
heat activation, the enzyme solution was mixed and 
emuls ified with an equal volume of Freund's complete 
adjuvan t. Control serum was collected from all rabbits 
before immunization . l mmunizin~ injections were made 
in multiple intramuscular and subcutaneous si tes. The 
rabbit was given two booster injections intrarutaneously 
with 0. 1 mg of antigen in 5 mM Tris-aretate (pH 7.5) 
containing 2.5 mM CaCI,. 5 weeks. and then 7 weeks after 
Ftc. 2. Immunodiffusion studies between specific 
an t isera and several preparations during purification. 
The cen tral well contained antihuman epiderma l trans-
j!lutaminase serum. Well 1 contained a concentrate of 
crude enzvme ( .A. 2.7. 49.0 units/ mil. well 2 contained 
an enzyme preparation after DEAE- cellulose purifica-
tion l .A. 4. 50 units/ mi l. well 3 after ephadex gel 
filt ration ( .A. 154. 55 units/ ml). well 4 after carboxv-
methyl-cellulose elution (S.A. 243. 38.5 units/ml). a~d 
we/15 the finally purified enzyme (S.A. 366. 37 units/ mil. 
Photographed after 26 hr diffusion at 4 °C. 
initial immunization. One week after the last booster 
injection. blood was collected and serum prepared. 
To determine the precipitin titer of the antibody with 
the purified enzyme. enzyme was suspended in 10 mM 
T ris- acet ate (pH 1.5) and was adjusted to 37 units/ rnl bv 
dilution with buffer. Usinl! this suspension. 2-fold serial 
dilutions were made and these were put in each well of an 
immunoplate. Other enzyme preparations and antibodies 
were studied in a similar manner. The level of trans-
glutaminase activity (unit/ mil in each of the tissues tested 
was adjusted by concentra tion with Amicon PM-10 filters 
to at least twice the concentration of enzvme activity 
detectable by immunodiffusion (Tab.). -
Uel Diffu~ion 
Gel diffusion precipitation was performed essentiallv 
as described by Ouchterlony [5 ]. -
Precipitation of Epidermal Transglutammase Actit>ity by 
Antihuman Epidermal Transglutaminase ' erum 
Twofold serial dilutions of antisera were made in a 
volume of 0. 1 ml by adding 10 mM Tris-acetate (pH 7.5) 
and an equal volume of enzyme solutions. The initial 
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transglutaminase concentration was 0.5 unit in 0.1 ml of 
buffer. The reaction mixtures were then incubated at 
37 oc for 30 min. After incubation a fine precipitate was 
visible and the tubes were centrifuged at 3.000 x g for 6 
min. and 0.1 ml of the supernatant was assayed for en-
zyme acti\·ity (at pH 9.5l. As controls. 0.1 ml of serial 
dilutions of nonimmunized sera were mixed with an 
equal volume of enzyme solution and trea1ed as the 
experimental tubes. As blanks, 2-fold serial dilutions of 
serum by itself were assayed. 
RES\ ILT::> 
When rabbit antibod:-· to purified human epider-
mal transglutarninase was tested in a double-diffu-
sion system with various concentrations of purified 
human epidermal transglutaminases. only a single 
precipitin line was seen (Fig. 1). A precipitin line 
was visible dov.-11 to a concentration of £>nzyme of 
2.3 unit/mi. Control rabbit serum did not cause 
F IG. 3. Gel diffusion studies of epidermal, plasma 
transglutaminases, antiepidermal transglutaminase and 
antiplasma transglutaminase. A. The center well con-
tained antiepidermal transglutaminase. Well 1 contained 
native epidermal transglutaminase, well 2 heat - calcium 
activated epidermal transglutaminase, well 3 was empty, 
well 4 thrombin-activated factor Xlll. and well 5 factor 
Xill. B: The center cell contained antihuman factor XIII. 
and wells 1-5 have the same contents as in Figure 3A. 
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Ftc. 4. The precipitation of native and activated epi-
dermal transglutaminase by antihuman epidermal 
transglutaminase. The studies were performed as out-
lined in Materials and Methods. 
F IG. 5. Failure of antihuman epidermal transglutami-
nase to precipitate various nonhuman epidermal Lrans-
glutaminases. Center well contained antihuman epider-
mal transglutaminase. well 1 human epidermal trans-
glutaminase. well 2 frog enzyme, well 3 chicken enzyme. 
well 4 adult rat enzyme. and well 5 newborn mouse epi-
dermal enzyme. The concentrations used are in the 
Table, and 'the enzymes were prepared as in Materials 
and M ethods. 
precipitation. When the same antibody was tested 
with human epidermal transglutami~as£> of vary-
ing degrees of purity an identical single precipitin 
line was seen in all of the preparations (Fig. 2). 
There was no cros,:-reaction between antifactor 
XIII and native or activated epidermal trans-
glutaminases. or between antihuman epidermal 
transglutaminase and factor XIII before or after 
thrombin activation (Figs. 3A, B). Active factor 
XIII and its zymogen were immunologically identi-
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cal by this technique as were native and activated 
transgl utam inase. 
When transglutaminase and antihuman trans-
glutaminase were reacted, a precipitate occurred; 
when the precipitate was removed and the super-
natant assayed, the enzyme activity was lost (Fig. 
4) showing that the antibody was directed against 
the enzyme moiety. The precipitin titer against 
activated enzyme was slightly higher than that 
against native enzyme; this may have reflected the 
fact that activated enzyme was used for immuniza-
tion. Antifactor XITI when reacted with epidermal 
t ransglutaminase and tested in a similar fashion 
caused no decrease in activity. 
Antihuman transglutaminase did not precipi-
tate with chick, rat, frog, or mouse whole epider-
mal transglutaminase (Fig. 5). There was no preci-
pitin line after 72 hr of diffusion with a human hair 
follicle homogenate. The hair follicle homogenate 
did not react with antiplasma factor xm. 
JJISCUSSIOJ\' 
The presence of a single precipitin line in prepa-
rations tested from various stages of purification 
and the precipitation of active enzyme strongly 
suggested that a monospecific antibody against 
pure human epidermal transglutaminase had been 
produced. There was no immunologic relationship 
found between the catalytic subunit of plasma 
factor XIII and epidermal transglutaminase. 
Similar lack of identity between plasma and 
epidermal transglutaminase has been reported 
with cow epidermal t ransglutaminases and cow 
factor XIII [6]. 
Although the enzyme activities of native and 
activated epidermal transgl utaminase are Yery 
different, the enzyme were identical by gel diffu-
sion studies. Precipitation of the native and the 
heated enzyme by antibody demonstraled slight 
differences in titer. One hypothesis is that a 
conformational change occurs with enzyme activa-
tion and it is possible that a conformational change 
is associated with a change in antigenicity fl]. 
The antibody for human transglutaminase did 
not react with amphibian, avian. or the other 
mammalian transglutaminases studied. Studies 
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with other primates are necessary to determine the 
specificity of the antibody for human trans-
glutaminase. ln our studies the enzyme concentra-
tion was in a range determined to be suitable for 
precipitation of the epidermal enzyme, but it is 
possible that other proteins or tissue factors may 
have interfered with precipitation. 
There was no precipitin reaction between 
antihuman epidermal transglutaminase and 
human hair follicle transglutaminase. It also has 
been reported that anticow epidermal trans-
glutaminase does not form a precipitin reaction 
with cow hair follicle transglutaminase [71. Al-
though epidermal and hair follicle transglutamin-
ases are similar enzymatically, DEAE chroma-
tography 181 and immunoprecipitin reactions [7 ] 
do show differences between the enzymes. It is not 
completely surprising that differences are detect-
able between the enzymes since the substrate for 
hair follicle t ransglutaminase, the citrulline-rich 
protein of the medulla [9l, has not been reported in 
hair follicle-free epidermis. 
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